Six populations of bone cells (populations [1] [2] [3] [4] [5] [6] were obtained by sequential digestion of mouse calvaria with collagenase and trypsin. After release from the tissue, each cell population was cultured for seven days. Parathormone, but not calcitonin, elicited an increase in intracellular cyclic AMP in the cells of populations 4, 5, and 6. In contrast, both hormones elicited increases in cyclic AMP in populations 2 and 3 but had no effect on population 1. When In attempts to simplify interpretation of data, the actions of the bone-active agents have been tested directly on cells in suspension immediately after their removal from the matrix by enzymatic digestion (12), or after short-term maintenance in culture (13). Recently, by using this approach, we succeeded in separating from mouse calvaria a selected population that was enriched in cells responsive to both parathormone and calcitonin (14). Since it was likely that this population was still heterogeneous, despite the absence from it of many nonresponsive cells, it was not clear if a single cell type responded to both hormones or if instead different cell types were involved.
Parathormone and calcitonin are peptide hormones that play major roles in bone metabolism. Both appear to utilize cyclic AMP as a second messenger (1, 2) . When parathormone is added to bone maintained in culture, there occur in addition to resorption of matrix (3) , decreased citrate decarboxylation (4), increased hyaluronate synthesis (5), increased lactate production (6) , and decreased collagen synthesis (7) . Calcitonin can temporarily block the parathormone-induced matrix resorption and the increased synthesis of hyaluronate, but it does not affect citrate decarboxylation (8) .
Efforts to understand the events responsible for the metabolic changes produced by these hormones and to correlate these events with the resorption of mineral have been complicated by the heterogeneity of bone as a tissue. Several morphologically different cell types have been recognized, and these lie in a complex millieu consisting of crystalline and amorphous mineral, collagen and proteoglycans (9) . Parathormone causes morphological changes in at least two types of bone cells, osteoclasts and osteocytes (10) , whereas calcitonin reverses these alterations (11) . It is not known at present whether the observed metabolic changes induced by parathormone and calcitonin in whole bone occur in these or other cell types. 3167
In attempts to simplify interpretation of data, the actions of the bone-active agents have been tested directly on cells in suspension immediately after their removal from the matrix by enzymatic digestion (12) , or after short-term maintenance in culture (13) . Recently, by using this approach, we succeeded in separating from mouse calvaria a selected population that was enriched in cells responsive to both parathormone and calcitonin (14) . Since it was likely that this population was still heterogeneous, despite the absence from it of many nonresponsive cells, it was not clear if a single cell type responded to both hormones or if instead different cell types were involved.
In the present paper we report the separation of parathormone-responsive bone cells from those bone cells that respond to calcitonin. This was accomplished through the use of mild differential digestion of mouse calvaria and by taking advantage of the selective and differential adhesiveness of the calcitonin and parathormone-responsive cells to polystyrene and nylon surfaces.
MATERIALS AND METHODS
Preparation of Cells. Cells were prepared from 2-day-old mice, strain CD-1, by a modification of the method previously described (14) . 75 calvaria were digested for 20 min in 3 ml of an isotonic salt solution containing 0.1% collagenase, 0.05% trypsin, and 4 mM EDTA (14) at room temperature. Five consecutive extractions were performed. This differed from our previous method in that the number of calvaria per ml of enzyme was increased 5-fold. The cells released after each digestion were harvested and were placed in culture along with the residual calvarial remains in Falcon polystyrene flasks for 7 days. At this time the cells were tested for parathormone and calcitonin responsiveness, as shown by increased cellular cAMP levels. The monolayer cell cultures were exposed for 5 min to fresh minimal essential medium containing 10% fetal calf serum, 0.5 mM theophylline, and parathormone (0.44 U/ml) or salmon calcitonin (0.5 U/ml) singly or in combination. Cyclic AMP was measured by a modification of the method of Gilman (15) as described (14) . All hormone-induced values for cyclic AMP provided in Fig. 1 The relative adhesiveness to a nylon surface of the parathormone-sensitive and calcitonin-sensitive cells was opposite that to polystyrene. In initial tests we found that the overall rate of binding of cells to nylon was less than that to polystyrene. In subsequent studies, therefore, we used 50-min test periods. Under these conditions about 40% or less of the cells did not adhere to the surface (Table 3 ). In this nonadhering population the response per cell to parathormone decreased, whereas that to calcitonin increased. Consequently, the response to parathormone relative to that to calcitonin decreased from 2-to 10-fold (Table 3 , last column).
Morphological Studies on Bone Cells. Immediately after Seven-day-old cells from calvarial digestion number 2 (population 2) were exposed to a nylon surface for 50 min as described in Materials and
Methods. The nonadhering cells were assayed in triplicate samples 24 hr later for parathormone and calcitonin responsiveness. Data are listed i SD.
extraction from the calvaria all of the cells were small round bodies and differed little from each other. Upon culture each population of cells exhibited somewhat different growth patterns and morphology (Fig. 2) than the preceding population. Population 1 consisted of compact spindleshaped cells resembling those freed in the first digestion previously described (14) . cally homogeneous and consisted predominantly of the large amorphous cells (type C). In those fractions with enhanced response to calcitonin (e.g., polystyrene-bound, nylon-unbound) the cells contained a significantly greater proportion of the asymmetric bipolar phenotype (type B) of populations 2 and 3. In contrast, those cells surviving polystyrene adsorption were little changed in overall appearance. DISCUSSION Previously we reported that the sequential digestion of calvaria with collagenase and trypsin released different populations of bone cells, one of which was greatly enriched in cells that produced cyclic AMP in response to both parathormone and calcitonin (14) . The possibility was considered that the digestion and/or adhesion treatments led to selective damage of one or the other type of hormone receptors rather than to nondestructive separation of cells of different hormonal sensitivity. For example, Chase (17) showed that trypsinization of kidney slices resulted in the selective loss of parathormone responsiveness. Such an event could not account for our results, however, for the following reasons. First, we measured hormone response after the cells were cultured for 7 days, a period of time during which we previously demonstrated that parathormone and calcitonin responsiveness could be regenerated in cells extracted from calvaria by collagenase and trypsin (14) . Even more important, however, the studies of selective adhesion with polystyrene indicated that hormone responsiveness lost from the nonadhering cells could be recovered in the adhering population.
The molecular basis for the differential binding of cells to selected substrata is not clearly defined, although the use of adsorption to separate selected cell types is not unusual. For example, macrophages have been separated from lymphocytes by filtration through nylon fiber (18) and glass wool (19) , and pancreatic beta cells have been separated from fibroblastoid cells by their differential rates of binding to Falcon polystyrene (20) . This affinity for different surfaces must reflect unique properties of the cell. Specific areas of the membrane appear to be involved in attachment (21) . Electron microscopic studies of cells growing on polystyrene have demonstrated that the plasma membrane does not come in contact with the substratum: attachment appears to occur through regions of close contact between plasma membrane and electron dense material which is deposited on the substrate (21) .
Conceivably the preferential binding of certain cell types to various polymeric surfaces could involve specific chemical groups present on, or differences in the distribution of charged groups across the surface of, the substrate. Falcon polystyrene is reported to be a negatively charged surface designed to improve wettability and cell adhesiveness. Nylon after acid treatment likely has a mixed surface charge of dissociated carboxyl groups and amino groups. Since both plastic surfaces are equally wettable (by direct measurement), it is interesting to speculate that those cells responsive primarily to calcitonin have a preferential affinity for negative groups whereas the parathormone-responsive cells have a preferential affinity for positive charges. Such properties might relate to the location and function of these cells in vivo in the highly charged regions of the hydroxyapatite mineral and collagen-proteoglycan matrix.
Our results now will permit a more systematic investigation of the cellular and biochemical pathways involved in the response of bone tissue to parathormone and calcitonin as well as other bone-active agents. In such work it will be essential to identify the parathormone-responsive and calcitonin-responsive cells in terms of the well-characterized histological types of intact bone.
